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Description 

This invention relates to a household appliance 
having rotating or reciprocating heads, such as a rotat- 
ing or reciprocating cleaning brush, electric toothbrush, 
massager, or polisher. 

The household appliances with which the present 
invention is concerned normally consist of a head or tool 
attached to directly to a shaft so as to rotate or oscillate 
therewith, in order to provide some sort of cleaning, 
brushing, polishing, or massaging effect 

While it would appear to be difficult to improve upon 
the brushing, cleaning, polishing, or massaging effect of 
these conventional household appliances, we have dis- 
covered several disadvantages thereof. The disadvan- 
tages are 1.) that any rotating device which is pressed 
against a surface to carry out its function will generate a 
counter-torque which increases with the power of the 
device, making the device difficult to handle, 2.) when 
the surface is uneven, for example at a corner, the 
device will move erratically due to the lack of symmetry 
in the motion of the device, 3.) in the case of a cleaning 
device, debris loosened by the cleaning device will tend 
to be pressed into the surface rather than removed, and 
4.) in the case of a brush having relatively long bristles 
arranged to extend into holes or crevices, for example if 
the bristles are longer than the circumference diameter 
of the outer ring of bristles, the bristles will tend to twist 
in one direction reducing the contact area of the bristles 
against surfaces of the hole or crevice. 

The present invention is intended to increase the 
efficiency of such devices, by splitting the head or tool 
by which the function of the device is carried out into 
multiple heads or tools having a differential motion. This 
has the advantages of 1.) offsetting or canceling out the 
counter-torque effect thereby making the device easier 
to handle, 2.) in general balancing the forces applied by 
the device so as to permit the device to be applied to 
uneven surfaces, edges, and corners, 3.) providing a 
cross-cleaning effect at the point where the different 
sections of the device move in different directions or at 
different speeds, and reducing bristle twisting effect in 
the case of a brush. 

It is known, of course, to provide small appliances 
such as electric toothbrushes with multiple heads or 
tools mounted on parallel shafts to rotate in opposite 
directions. While such appliances are in widespread 
usage, however, the use of completely separate heads 
or tools mounted on separate shafts does not optimize 
the cleaning to any significant degree, but rather simply 
increases the coverage of the device in order to reduce 
cleaning time. In contrast, the present invention seeks 
to split a single tool or head into multiple heads or tools 
with differential movement, not to increase the area cov- 
ered during one pass of the device, but to provide a vari- 
ety of performance improvements, including increasing 
the intensity of the effect provided by the multiple heads 
in comparison with a conventional rotating or reciprocat- 
ing device of like area. 



While counter-rotating head devices have been 
proposed for certain specialized applications, such as 
the spotting brush of U.S. Patent No. 1,796,641, the 
counter-rotation taught by the prior art is not such as is 

5 necessary to obtain a cross-cleaning effect or to provide 
a balancing counter-torque (on the contrary, the toque 
resulting from the spotting action in the 641 patent 
appears to be de minimus). In addition, although it is 
known to provide a toothbrush with oscillating counter- 

w rotation as described in U.S. Patent No. 5,416,942, the 
prior art fails to recognize the advantages of cross- 
cleaning by oneway counter-rotation of each head, 
much less the generalized principles of counter-rotation 
or side-by-side oscillation disclosed in the present spec- 

15 rf ication which would have made the applicability of the 
invention to other types of devices evident to the ordi- 
nary artisan. 

The splitting of a single head or tool into concentric 
or parallel multiple heads or tools arranged for coaxial 

20 rotation or side-by-side oscillation according to the 
present invention not only solves the above-mentioned 
problems of conventional devices, but also does so 
without significantly increasing the complexity of the 
device, since according to preferred embodiments of 

25 the invention, a single drive shaft can be used (although 
the use of a single drive shaft is not necessary to the 
invention in its broadest form, since the advantages of 
easier handling and improved cleaning do not depend 
on the specific mechanical arrangement used to 

30 achieve the differential rotation effect). 

The advantage of eliminating counter-torque 
increases with the power of the device. If one presses a 
small conventional rotating brush against a surface, 
there will be a small torque in the direction opposite the 

35 direction of rotation, which is countered by the force of 
the person holding the brush, and which may not even 
be felt by that person. As power increases, however, a 
point is eventually reached where it will become impos- 
sible to hold the brush. By bifurcating the brush motion 

40 into two oppositely rotating sections, the problem of 
counter-torque will clearly be minimized even for very 
high power devices which could not ordinarily be han- 
dled by the average user. The balancing problem is 
especially apparent in devices intended to be used on 

as uneven surfaces, such as a car polisher, and also in 
devices such as floor buffers which have an odd number 
of heads, and therefore an inherently unbalanced 
torque. 

The cross-cleaning advantage applies even in the 
so case of ordinary linearly reciprocating electric tooth- 
brushes, which one would expect to remove dirt effec- 
tively despite the lack of differential motion due to the 
reversal of motion at the ends of the oscillations. The 
problem is that either the amplitude of the oscillations is 
55 so small that the cleaning tip of the soft bristles will 
remain relatively stationary even as the brush head 
moves, or the amplitude will be sufficiently large that the 
brush head will have moved to another surface before it 
reverses direction, greatly reducing the cross-cleaning 
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effect provided by the reversal of motion at the end of 
the oscillations. 

While the general concept of providing concentric 
or parallel multiple heads a tools arranged for coaxial 
rotation or side-by-side oscillation is believed to be 5 
novel and non-obvious, in the intended context of small 
household appliances, and in particular the cleaning 
and personal grooming devices described below, those 
skilled in the art will recognize that the specific mechan- 
ical arrangements utilized to achieve the desired differ- w 
entia) motion may be in the form of gearing or 
transmission arrangements which are per se known, 
although not in the specific context disclosed. The use 
of bevel gears and planetary or ring/idler gear combina- 
tions is of course known and thus the invention in gen- is 
eral is not intended to be limited to any such 
arrangements, although some of the mechanical expe- 
dients used to implement the present invention are 
believed to be especially advantageous in terms of effi- 
ciency, reliability, and cost, and thus form a proper basis 20 
for one or more claims. 

Viewed from one broad aspect the present inven- 
tion provides a household appliance of the type includ- 
ing a rotating head, wherein the head is divided into a 
number n of coaxially rotatable members, where n is an 2s 
integer greater than 1, at least two of said n members 
being mutually differentially driven. 

Other aspects of the invention are set out in the 
appended claims. 

It is one feature of the invention to provide a house- so 
hold appliance having concentric multiple heads or tools 
driven to rotate or move linearly in an oscillating or con- 
tinuous motion, at different respective speeds and/or in 
different directions, and to achieve such motions with 
especially efficient mechanical constructions, including 35 
modular constructions which provide for easy servicing 
or replacement of the counter-rotating head assem- 
blies. 

ft is another feature of the invention to provide a 
household appliance having concentric multiple heads 40 
or tools driven to rotate or move linearly in an oscillating 
or continuous motion, at different respective speeds 
and/or in different directions, thereby providing a coun- 
tertorque so as minimize the effort needed to utilize the 
device, improve balance, and, in the case of a cleaning 45 
head or brush, assist in the removal of loosened debris 
and reduce the twisting effect on relatively long bristles. 

ft is another feature of the invention to provide a 
rotating cleaning brush made up of concentric multiple 
bristle assemblies arranged to rotate coaxially at differ- so 
ent velocities and/or in different directions, and in partic- 
ular to provide a rotating brush made up of two 
concentric bristle assemblies which rotate coaxially in 
opposite directions. 

ft is another feature of the invention to provide an ss 
electric toothbrush made up of concentric multiple bris- 
tle assemblies arranged to rotate coaxially at different 
velocities and/or in different directions, and in particular 
to provide an electric toothbrush which includes at least 



two concentric bristle assemblies which rotate coaxially 
in opposite directions. 

It is another feature of the invention to provide a pol- 
isher or buffer which includes concentric multiple polish- 
ing head assemblies arranged to rotate coaxially at 
different velocities and/or in different directions, and in 
particular to provide a car, shoe, or floor polisher which 
includes two concentric polishing head assemblies 
which rotate coaxially in opposite directions. 

It is another feature of the invention to provide a 
massager which includes concentric multiple massage 
head assemblies arranged to rotate coaxially at different 
velocities and/or in different directions, and in particular 
to provide a massager which includes two concentric 
massage head assemblies which rotate coaxially in 
opposite directions. 

ft is another feature of the invention to provide a lin- 
early reciprocating brush made up of generally parallel 
multiple bristle assemblies arranged to move at different 
velocities and/or in different directions and in particular 
to provide a linearly reciprocating cascade brush made 
up of at least two bristle assemblies which move in 
opposite directions. 

ft is another feature of the invention to provide a lin- 
early reciprocating massager made up of parallel multi- 
ple massage heads arranged to move at different 
velocities and/or in different directions, and in particular 
to provide a linearly reciprocating massager made up of 
at least two massage heads which move in opposite 
directions. 

ft is another feature of the invention to provide a fin- 
gernail cleaning device made up of coaxial brush 
assemblies arranged to rotate at different velocities 
and/or in different directions, and in particular to provide 
a fingernail cleaner which includes two coaxial finger- 
nail cleaner head assemblies which rotate coaxially in 
opposite directions. 

Some embodiments of the invention will now be 
described by way of example and with reference to the 
accompanying drawings, in which:- 

Rgure 1 is a schematic diagram illustrating the prin- 
ciples of a household appliance having a tool Or 
head made up of coaxial differentially rotatable 
assemblies according to a first preferred embodi- 
ment of the invention. 

Figure 2 is a cross-sectional side view of a cleaning 
brush design constructed in accordance with the 
principles of the first preferred embodiment of the 
invention. 

Figure 2-1 is a cross-sectional side view of a varia- 
tion Of the brush design illustrated in Figure 2. 
Figure 2-2 is a side view of a modular version of the 
brush design illustrated in Figure 2. 
Figure 3 is an end view of the cleaning brush design 
of Figures 2 and 2-1. 

Figure 4 is a cross-sectional side view of a counter- 
rotating toothbrush head design constructed in 
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accordance with the principles of the first preferred 
embodiment of the invention. 
Rgures 5, 5-1, and 5-2 are perspective views of 
variations of the counter-rotating toothbrush head 
design illustrated in Figure 4. s 
Rgures 5-3 and 5-4 are respective top views of the 
toothbrush designs illustrated in Figures 5-1 and 5- 
2. 

Figure 6 is a cross-sectional side view of a three- 
dimensional variation of the cleaning brush design io 
of Figures 2 and 3. 

Rgure 7 is a perspective view of a counter-rotating 
car polisher design constructed in accordance with 
the principles of the first preferred embodiment of 
the invention. is 
Rgure 8 is a perspective view of a counter-rotating 
floor polisher design constructed in accordance 
with the principles of the first preferred embodiment 
of the invention. 

Rgure 9 is a perspective view of a counter-rotating 20 
shoe polisher design constructed in accordance 
with the principles of the first preferred embodiment 
of the invention. 

Rgure 1 0 is a perspective view of a counter-rotating 
handheld massager design constructed in accord- 2s 
ance with the principles of the first preferred 
embodiment of the invention. 
Rgure 11 is perspective view illustrating an 
arrangement for providing linear movement at dif- 
ferent velocities of a plurality of tools or heads 30 
arranged in side-by-side fashion according to a sec- 
ond preferred embodiment of the invention. 
Rgure 12 is a perspective view illustrating an appli- 
cation of the design of Rgure 1 1 to a brush. 
Rgure 13 is a perspective view of a shoe or dean- $s 
ing brush arranged according to the principles illus- 
trated in Rgures 11 and 12. 
Rgure 14 is a perspective view of massager 
arranged according to the principles illustrated in 
Rgures 11 and 12. 40 
Rgure 15 is a perspective view illustrating an 
arrangement for providing linear movement in 
opposite directions of a plurality of tools or heads 
arranged in side-by-side fashion according to 
another preferred embodiment of the invention. 45 
Figure 1 6 is a perspective view of a counter-recipro- 
cating shoe brush arranged according to the princi- 
ples illustrated in Rgure 15. 
Rgure 1 7 is a perspective view of a counter-recipro- 
cating massager arranged according to the princi- so 
pies illustrated in Rgure 15. 
Rgure 18 is a plan view showing a variation of the 
preferred counter-rotating device having multiple 
counter rotation heads. 

Rgure 19 is a cross-sectional view of a counter- ss 
rotating device having multiple drive shafts. 
Rgure 20 is a cross-sectional view of a fingernail 
cleaner which illustrates further principles of the 
invention. 



Rgures 20-1 and 20-2 are cross-sectional views 
showing the manner in which the cleaner of Figure 
20 is utilized. 

Rgure 20-3 is a plan view of the cleaner of Rgure 
20. 

As illustrated in Figure 1 , the first preferred embod- 
iment of the invention provides an appliance having a 
rotating head or tool made up of concentric rotating 
discs and annular members each capable of rotating at 

a speed V n where n=1, 2,3,4 N. The speed V n can be 

positive, negative (i.e., the reverse direction of positive), 
or zero (i.e., stationary), in most of the illustrated appli- 
cations of this embodiment of the invention, except for 
the embodiment shown in Figure 5, n*2, v>+ve. and 
V 2 =-ve. but it will be appreciated by those skilled in the 
art that n, V 1f and V 2 may be freely varied depencfing on 
the application, meaning that the appliance may have a 
head or tool split into three or more assemblies or sec- 
tions which all rotate coaxially but at different speeds 
and in the same or different directions. In addition, the 
directions of any individual assembly may be reversed 
periodically by an electrical or mechanical switching 
arrangement so that rather than rotating continuously, 
the individual assemblies may rotate back and forth, 
and by extending the principles of the first preferred 
embodiment to "rotating" assemblies in which the radius 
is infinitely large, one can provide individual assemblies 
which move linearly in either different directions or at dif- 
ferent velocities, as generally illustrated in Rgures 11 
and 15, discussed in more detail below. 

Rgures 2, 2-1. and 3 show a first example of the 
above principles, in which the household appliance hav- 
ing a rotating head is a cleaning brush 1 . In these exam- 
ples, the power input is provided by a rotating shaft 2 a 
equivalent rotating shaft 151 driven by a motor (not 
shown). Those skilled in the art will appreciate that any 
motor can be used, and that details of the motor form no 
part of the invention. 

Turning specifically to the variation shown in Figure 
2, shaft 2 is supported by appropriate bearings in a 
housing 3, to which is affixed bearing members 4-7, 
bearing member 4 being preferably affixed to housing 3 
by an additional sleeve 6. Both shaft 2 and an outer bris- 
tle supporting member 8 are rotatable relative to bear- 
ing members 4-7. 

The brush assembly of the counter-rotatable clean- 
ing brush of this variation of the first preferred embodi- 
ment of the invention includes an inner circular bristle 9 
and an outer annular bristle assembly 10 arranged to 
rotate in opposite directions and supported, respec- 
tively, by cylindrical support member 1 1 and the above- 
mentioned sipport member 8. Support member 11 is 
preferably directly affixed to and rotated by shaft 2, while 
the counter-rotation effect for support member 8 and the 
second bristle assembly 10 is provided by a planetary 
gear system made up of a drive gear 12 affixed to the 
motor shaft 2, a ring gear 13 affixed to support member 
8, and at least one idler gear 1 4 rotatable about a pin 1 5 
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secured to the bearing members 4-6 so as to prevent 
the idler gears 14 from revolving around the drive gear 
13. 

As a result of this structure, a brush is provided in 
which the outside bristles rotate in a direction opposite 
that of the inside bristles, thus providing an improved 
brushing effect without the need for a second motor or 
additional main shaft, or for significant modifications of 
the existing motor, drive shaft, and housing structure 
(although the improved brushing effect could also be 
achieved even if a second motor and/or shaft are pro- 
vided). The only additions to the conventional structure 
which are required are a ring gear, idler gears, a drive 
gear on the shaft, and an additional support member for 
the outer bristle assembly. 

In an especially efficient variation of the structure 
shown in Figure 2, as illustrated in Figure 2-1 , the single 
ring and idler gear mechanism is replaced by a double 
ring gear mechanism made up of a first ring gear 150 
driven by and secured to motor-driven shaft 151 to 
rotate therewith, at least one pinion 152, 153 rotatably 
connected to reversing brush module housing 154 by a 
pin 155.156 and bushing 157,158 and in engagement 
with first ring gear 150 to rotate in response to rotation 
of the first ring gear, and a second ring gear 159 rotata- 
ble relative to shaft 1 51 in a direction opposite the direc- 
tion of rotation of the first ring gear 150 in response to 
rotation of the at least one pinion 155,156. 

In this variation of the preferred embodiment, the 
inner brush head 160 is affixed to the first ring gear 150 
by means of a locking screw 1 61 , with the f irst ring gear 
and inner brush head forming a bearing surface 162 for 
permitting counter-rotation relative to the second ring 
gear 159. tn addition, the second ring gear is affixed to 
outer brush head 163 by. for example, location pins 164. 
As a result, the inner brush head 1 60 rotates with shaft 
151 and outer brush head 163 rotates in an opposite 
direction relative to the shaft to obtain a counter-rotation 
effect for the respective inner bristles 165 and outer 
bristles 165'. 

Attachment of the counter-rotating brush assembly 
to the motor unit is achieved by a sleeve 166 having 
latch arms 167 arranged to be inserted into and engage 
a central opening in a main housing 168 that contains 
the motor and gear trains required to drive shaft 151, 
thereby securing the brush assembly to the main hous- 
ing as the shaft 151 is inserted or snapped into a bush- 
ing provided in the first ring gear 150. 

In this design, sleeve 166 extends to form a cover 
for the brush head, with the cover portion 166' including 
openings for receiving locating splines 169 for orienting 
the brush head module thus formed with the main hous- 
ing 168, resulting in a particularly convenient modular 
design which permits the brush head assembly to be 
easily removed for replacement or cleaning, as illus- 
trated in Figure 2-2. Of course, the modular design illus- 
trated in Figure 2-2 can be used with gear 
arrangements other than that shown in Figure 2-1, 
including the gear arrangement shown in Figure 2, as 



well as in other types of brushes employing the counter- 
rotation principles of the invention, and also in connec- 
tion with the generalized form of the present invention in 
which there are n members and adjacent members 

5 rotate at different speeds and/a directions, as 
described above in connection with Figure 1. 

One of the unique concepts of the present invention 
is that, although in the illustrated embodiment the angu- 
lar velocities of the inner and outer bristle assemblies 

10 are opposite in direction, by changing the gear ratios of 
the respective gears, by adding gears, a differential 
speed between inner and outer brushes moving in the 
same or opposite direction can also be obtained to opti- 
mize the cleaning and balancing effects provided by the 

75 invention, ft is believed that while counter-rotation may 
have been attempted for purposes other than those of 
the present invention, it is the relative motion of the 
brushes that provides the increased intensity of the 
cross-cleaning effect Moreover, the cleaning and bal- 

20 ancing effects can be further optimized for a particular 
application by varying the total contact areas of the 
inner and outer bristles or by axially offsetting the inner 
and outer differentially rotating members. 

For example, as illustrated in Figure 6. the respec- 
ts tive "inner" and "outer" bristle support members 16,17 
of a cleaning brush 18 corresponding otherwise to the 
one shown in Figures 2 and 3 need not necessarily be 
concentrically arranged, but rather may be arranged in a 
three dimensional configuration to provide axially 

30 spaced but still coaxially rotatable bristle assemblies 1 9 
and 20. As illustrated, the gear arrangement of this 
example may be identical to that shown in Figures 2 and 
3. with the only difference being that the bristle support 
members are extended in a cylindrical configuration, 

55 although other gear arrangements could of course also 
be used with this offset configuration, including the gear 
arrangement shown in Figure 2-1 . 

In a further variation of the structure shown in Fig- 
ures 2 and 3, as illustrated in Figure 4, the cleaning 

40 brush is in the form of a toothbrush 21 having an outer 
bristle assembly 22 which rotates in a first direction and 
an inner bristle assembly 23 which rotates in a second 
direction. Because the toothbrush 21 must be perpen- 
dicular to the drive shaft 24, a different gear arrange- 

45 ment is used. In this variation, a bevel drive gear 25 is 
connected to the drive shaft. The motor (not shown) and 
drive shaft 24 may be of an identical construction to 
conventional rotary toothbrushes, including appropriate 
bearing supports 26 in a housing 32. The bristle assem- 

so blies of the toothbrush are supported by concentric 
inner and outer support members 27 and 28, the outer 
support member 28 being connected directly to a sec- 
ond bevel gear 29 and the inner support member 27 
being connected via a second shaft 30 to a third bevel 

55 gear 33 positioned such that both the second and third 
bevel gears 29 and 33 engage the drive bevel gear 25 
and rotate in response thereto to drive the inner and 
outer bristle supporting members 27 and 28 in opposite 
directions. 
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As a result of this improved electric toothbrush 
structure which employs the principles of the first pre- 
ferred embodiment of the invention, a more stable brush 
action, more intense cross cleaning, and a generally 
better cleaning effect relative to conventional electric 5 
toothbrush designs is achieved. In addition, it is antici- 
pated that an even more effective cleaning effect can be 
achieved by periodically reversing the direction of shaft 
rotation, for example, by including a flip flop in the motor 
control circuit 10 

In a variation of the toothbrush design shown in Fig- 
ure 5, a third non-rotatable bristle assembly or ring 35 
depending from a housing 38 is added to the first and 
second bristle assemblies 36 and 37 of an electric 
toothbrush 34. Those skilled in the art will recognize is 
that this structure is still in accordance with the genera) 
concept described in connection with Figure 1, except 
that for this example, n«3, V^ve. V^-ve, and V 3 =0. 
The stationary outer ring has the advantage of providing 
a more gentle massaging effect for the gums and to 20 
reduce splashing from the inner bristles. 

In another variation of the toothbrush design shown 
in Figure 5, the bevel gear arrangement of Figure 5 is 
replaced by a drive gear 170 connected to shaft 171 
and rotatable therewith, as shown in Figures 5-1 and 5- 25 
3, drive gear 170 in turn engaging a first ring gear 172 
and a second gear 1 73, which as a result are driven by 
gear 170 to rotate in opposite directions. In this embod- 
iment, first ring gear 172 is connected by means of, for 
example, a snap fitting 1 72A to an inner brush assembly 30 

1 74 which thereby rotates in the direction of rotation of 
the first ring gear, and the second ring gear 1 73 is con- 
structed to be integral with the outer brush assembly 
175, thereby causing the bristles of the respective inner 
and outer brush assemblies to rotate in opposite direc- 35 
tions to provide improved balance, counter-torque, and 
cross-cleaning effects. As in the first toothbrush embod- 
iment, it will be appreciated by those skilled in the art 
that the toothbrush body 176 will include appropriate 
bearing surfaces for the various moving components, as 40 
well as means for assembling the body and shaft to a 
motor unit 

In yet another variation of the above-descrtoed 
toothbrush embodiments, two of each of elements 170- 

1 75 are provided, with the second set of elements 1 70- 45 
175 being indicated in Figures 5-2 and 5-4 by reference 
numerals 170 f -175\ to form a double head toothbrush. 

In this variation, power is transmitted from ring gears 
1 72 and 173 to ring gears 172' and 173* by means of an 
intermediate drive gear 1 77. Those skilled in the art will so 
appreciate that additional sets of counter-rotating heads 
could be added to the same drive train simply by adding 
addition intermediate gears corresponding to intermedi- 
ate gear 177. 

Figure 7 shows an application in which the bristles ss 
of the various brush designs are replaced by polishing 
or buffing discs to obtain a hand-held polisher 39 of the 
type used to polish automobiles. As discussed above, 
the problem of balancing forces is especially critical in a 



car polisher due to the problem of controlling the pol- 
isher when the polishing wheel is applied to corners of 
the automobile. The structure of the transmission mech- 
anism for driving the two oppositely rotating polishing 
heads using via a common motor and drive shaft may 
be the same as shown in Figures 2 and 4, although var- 
iations of the above will undoubtedly occur to those 
skilled in the art The illustrated car polisher includes a 
handle 40 in the housing 41, making it important to min- 
imize the space taken up by the motor and transmission 
mechanism. Also shown is a power cord 42 for the 
motor. As illustrated, members 43 and 44 correspond 
respectively to bearing members 4 and 7 shown in Fig- 
ure 2, with the bristle assemblies 23 and 22 shown in 
Figure 2 being replace by polishing wheels or discs 45 
and 46. 

Figure 8 shows a variation of the polisher illustrated 
in Figure 7, in which the basic structure of the first pre- 
ferred embodiment of the invention is adapted for use as 
a floor polisher 51 having a pivotable handle 47, main 
housing 48, and respective counter-rotatable inner and 
outer polishing discs 49 and 50. Aside from the larger 
polishing heads and motor, details of this variation of the 
first preferred embodiment of the invention can be iden- 
tical to those of the variation shown in Figure 7. 

Finally, Figures 9 and 10 show further applications 
of the principles of the first preferred embodiment of the 
invention. Figure 9 shows a hand-held battery operated 
shoe brush or polisher 52 having oppositely rotating 
bristle or polishing heads 53 and 54, and Figure 10 
shows a hand-held battery operated massager 55 of the 
type including a plurality of massaging balls 56 mounted 
on oppositely rotating heads 57 and 58. The respective 
housing assemblies 62, 63, and 64 of the respective 
devices shown in Figures 9 and 10, including battery 
compartment covers 65 and 66, handle 67, and on-off 
switches or trigger controls 68 and 69 are conventional 
and therefore need not be further described herein. 

Figure 11 shows the more general situation in 
which the linear movable members do not oscillate, but 
rather move continuously. This embodiment is essen- 
tially a generalization of the first preferred embodiment 
of the invention in which the racfii are taken to infinity, 
with side-by-side members n»1 to N being in the form of 
bells 70 driven by pulleys 71, the pulleys being con- 
nected to each other and to a drive shaft 72 by means 
of gears 73 having different gear ratios in order to 
achieve different velocities V A to V N . 

As shown in Figure 12, for example, the linearly 
movable members may support bristles 74 of a brush, 
which may take the form of a shoe or cleaning brush 
having a housing 75 in which the mechanism of Figure 
12 is mounted, as illustrated in Figure 13. Similarly, the 
linearly movable members may support the massaging 
balls 76 mounted in the housing 77 of a massager, as 
illustrated in Figure 14. Those skilled in the art will 
appreciate that the improved balance and cleaning, 
brushing, or massaging advantages of the embodiment 
illustrated in Figures 1-10 will also be obtained in the 
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embodiment of Figures 11-14 due to the differential 
motion between the side-by-side tools or heads. In addi- 
tion, it will be appreciated by those skilled in the art that 
the mechanism illustrated in Figures 11-14 may also be 
applied to polishers, sanders, and similar household 
appliances or tools. 

In addition to providing for continuous linear motion, 
as illustrated in Figures il-14, the invention can also take 
the form of a household appliance or personal grooming 
device in which the aide-by-side tools or heads are 
caused to reciprocate or oscillate in order to obtain the 
advantages of improved balance and cleaning effect as 
well to reduce the effort needed to manipulate the appli- 
ance since the reaction force caused by a tool moving in 
one direction will be countered by the force of a tool 
moving in the opposite direction to provide a linear ana- 
logue of the counter-torque effect. 

For example, as illustrated in Figure 15, the inven- 
tion may be embodied by an arrangement 90 for con- 
verting the rotation of a shaft 91 into linear oscillations 
of a plurality of members 92, illustrated as carrying bris- 
tles 93 but which may also carry massage massaging 
bails, sponges, or the like, with each member being 
1 80° out-of-phase in the path of movement relative to a 
neighbouring member. The oscillations are achieved, 
for example, by a crankshaft 94 to which are pivotally 
attached a plurality of connecting rods 95, which in turn 
are pivotally connected to the tools or heads 92 which 
carry out the function of the apparatus. As was the case 
with the first preferred embodiment of the invention, it 
should be appreciated by those skilled in the art that 
numerous other mechanical arrangements for convert- 
ing rotational to linear reciprocating motion may be sub- 
stituted for the illustrated crankshaft arrangement and 
that the invention lies not in the use of a crankshaft per 
se, but in application to a cleaning or personal grooming 
device, as illustrated in Figures 16 and 17. 

Figure 16 shows a cascade-type brush 96 which 
utilizes the mechanism 90 shown in Figure 15. The lin- 
ear oscillations produced thereby have advantages over 
the counter-rotating brush in a number of applications. 
For example, the counter-rotating brush cannot be used 
as a hair brush, head massager, or head washing 
device of the type intended to simulate human fingers 
for use during shampooing because the hair will 
become entangled. Trie linear oscillating or reciprocat- 
ing brush with counter oscillations solves this problem. 
In addition, the linearly-reciprocating brush can be used 
as a shoe cleaning or polishing device which provides a 
cross-cleaning effect with minimal vibration due to the 
cancelling moments of inertia. Finally, as shown in Fig- 
ure 1 7, the linear reciprocation principles of this embod- 
iment can be applied to a massager 97, which is similar 
to the rotary massager shown in Figure 10 in that it 
includes a plurality of massaging balls 98 and results in 
a cross massaging effect with minimal undesired vibra- 
tion. 

Figure 18 illustrates a variation of the counter-rota- 
tion illustrated in Figures 1-10, in which two heads 103 



and 104 are provided, the principles of the invention of 
course being applicable to any desired number of 
heads, while Figure 19 illustrates a variation of the 
mechanisms illustrated in Figures 1-10. in which dual 

5 shafts 105 and 106 are provided to drive the differen- 
tially rotating sections 107 and 108, the principles of the 
invention being applicable to numerous different shaft, 
and gearing combinations. 

Finally, to illustrate a further advantage of the cross- 

10 cleaning provided by the invention, Figures 20, 20-1, 
20-2, and 20-3 depict a fingernail cleaning device in 
which the two rotating heads 180 and 181 are arranged 
coaxially, each of the heads being in the form of a cylin- 
der having radially inward facing bristles. This embodi- 
es merit solves a number of problems which prevent 
effective cleaning of fingernails by a device having only 
a single rotation direction. The problems result in part 
from the shape of a fingernail and in particular the pres- 
ence of a recess on both sides of the fingernail where it 

20 is embedded into the skin. If only a single cylinder were 
provided and the rotation were in one direction, it would 
be very difficult and sometimes even impossible to 
clean both sides of the fingernail in the regions close to 
the position where the fingernail is embedded into the 

25 skin and forms a recess because, as the bristles swipe 
past the fingernail surface, while the approaching bristle 
tips can wipe into the recess, the trailing bristles tend to 
have their shanks glide over the recess with little chance 
of wiping into the recess. In addition to the problem of 

30 inadequate wiping by the trailing bristles, devices hav- 
ing only a single rotating direction have the disadvan- 
tages that fingernail polish removed from the front 
portion tends to be pressed into the trailing recess, 
causing the polish to accumulate in the trailing recess, 

35 and that, because of variations in the shapes of individ- 
ual fingers, the approaching and trailing contact geome- 
try between the nail and the bristles is different, which 
may cause one edge to be cleaned less than the other. 
To overcome these problems, the counter-rotating 

40 brushes of this embodiment allow first one edge and 
then the other to be completely cleaned as the finger is 
pished into the device in the manner illustrated in Fig- * 
ures 20-1 and 20-2. 

As illustrated in Figure 20, the rotating heads 180 

is and 181 of this embodiment may be driven by a gear 
arrangement similar to that of Figure 2-1, but the shaft 
arrangement differs in this device in that a detachable 
coupling made up of engaging coupling elements 182 
and 182* is included to permit the rotating head section 

so to be detached from a main drive unit for cleaning. Cou- 
pling element 182* is fixed to a main drive shaft 183 to 
rotate therewith, and is further coupled to the first ring 
gear 184 and to an intermediate shaft 185 by a locking 
nut 186. Intermediate shaft 185 is in turn fixed to rotat- 

55 ing head 1 80 via separate inner cylinder 1 80A while the 
second ring gear 187 is fixed to an outer cylinder 188 
which in turn is fixed to second rotating head 181 , the 
second ring gear being driven to rotate in a direction 
opposite that of the first gear by pinions 189,190 
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engaged with both ring gears and rotatable about pins 
191,192 supported by bushings 193,194 in support 
member 195. which is attached by locking screws 196 
to outer casing 197. 

As is apparent from Figure 20, casing 197 can be 
made separable from the main unit 198, for example by 
means of a twist off coupling 1 98\ and both of the rotat- 
ing heads 180 and 181 can be separately removed for 
cleaning or replacement by first detaching head 181 
from cylinder 188 and then detaching head 180 from 
cylinder 180A. The main unit 198, best illustrated in Fig- 
ure 20-3, includes the motor, additional gearing (not 
shown), and an on/off switch 199. 

Those skilled in the art will appreciate that numer- 
ous analogous cleaning devices, such as electric tooth- 
brushes, can also use the linear differential motion or 
linear oscillation motion principles of the invention, and 
that the differential rotation principles of the invention 
can also be generalized to a variety of different head or 
tool configurations, and to appliances other than the 
ones illustrated herein. For example, Figure 18 shows a 
variation of the counter-rotation mechanism illustrated 
in Figures 1-10, in which two heads are provided, the 
principles of the invention being applicable to any 
desired number of heads, while Figure 19 illustrates a 
variation of the mechanisms illustrated in Figures 1-10. 
in which dual shafts 105 and 106 are provided to drive 
the differentially rotating sections 107 and 108, the prin- 
ciples of the invention being applicable to numerous dif- 
ferent shaft and gearing combinations. Consequently, it 
is intended that the invention not be limited to the spe- 
cific embodiments illustrated in the drawings and 
accompanying description set forth above, except as 
necessary in view of the prior art, and that the invention 
instead be limited solely by the appended claims. 

Claims 

1 . A household appliance of the type including a rotat- 
ing head, wherein the head is divided into a number 
n of coaxialiy rotatable members, where n is an 
integer greater than 1, at least two of said n mem- 
bers being mutually differentially driven. 

2. A household appliance as claimed in claim 1, 
wherein the number n is 2, and said two members 
are concentrically arranged to rotate in opposite 
directions. 

3. A household appliance as claimed in claim 2, 
wherein each of said two concentrically arranged 
members carries a plurality of bristles to form a 
counter-rotating brush. 

4. A household appliance as claimed in claim 2 or 3, 
wherein an outer one of said two concentrically 
arranged members is affixed to a ring gear, wherein 
an inner one of said two concentrically arranged 
members is driven directly by a rotating shaft driven 



by a motor, and wherein the ring gear is driven by at 
least one idler gear fixed with respect to a housing 
of the appliance and a drive gear attached to and 
rotatable with the shaft. 

5 

5. A household appliance as claimed in claim 2 or 3, 
wherein an outer one of said two concentrically 
arranged members is affixed to a first ring gear, 
wherein an inner one of said two concentrically 

w arranged members is affixed to a second ring gear, 
and wherein the two ring gears are driven by at 
least one pinion in engagement with both ring 
gears, said pinion being connected to and driven by 
a motor driven shaft. 

75 

6. A household appliance as claimed in daim 3, 
wherein said brush is an electric toothbrush. 

7. A household appliance as claimed in claim 6, fur- 
20 ther comprising a shaft having a bevel gear af fixed 

to an end thereof, and inner and outer ones of said 
bristle-supporting members are each attached to a 
bevel gear which engages said bevel gear affixed to 
the shaft to drive said bristle supporting members in 
25 opposite directions. 

8. A household appliance as claimed in daim 6, 
wherein an outer one of said two concentrically 
arranged members is affixed to a first ring gear, 

30 wherein an inner one of said two concentrically 
arranged members is affixed to a second ring gear, 
and wherein the two ring gears are driven by at 
least one pinion in engagement with both ring 
gears, said pinion being connected to and driven by 

35 a motor driven shaft. 

9. A household appliance as daimed in daim 5 or 8. 
further comprising at least one additional pair of 
concentrically arranged members, at least one 

40 additional pair of ring gears for driving said addi- 
tional pair of concentrically arranged members, and 
an intermediate gear for transmitting power from 
said first and second ring gears to said additional 
pair of ring gears. 

45 

10. A household appliance as claimed in claim 2, 
wherein each of said concentrically arranged mem- 
bers carries a pdishing head. 

so 11. A household appliance as daimed in claim 2, 
wherein each of said concentrically arranged mem- 
bers carries massaging balls. 

12. A household appliance as claimed in daim 1. 
55 wherein said members are axial ly spaced but coax- 
ialiy rotatable bristle supporting members. 
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13. A household appliance as claimed in claim 12, 
wherein said bristle supporting members are 
arranged to clean fingernails. 

14. A household appliance as claimed in claim 1, s 
wherein the number n of said members is 3. 

15. A household appliance as claimed in claim 14, 
wherein two of said three members are oppositely 
rotataWe, and wherein the third of said three mem- 10 
bers is stationary. 

16. A household appliance as claimed in claim 15, 
wherein said members are arranged to support 
bristles of an electric toothbrush. is 

17. A household appliance as claimed in claim 1, 
wherein said appliance is a handheld electric mixer. 

18. A household appliance as claimed in claim 1, 20 
wherein said two mutually differentially driven mem- 
bers are supported by a module detachable from a 
main housing of the appliance. 

19. A personal grooming device of the type including a 25 
reciprocating head, wherein the head is divided into 

a number n of parallely movable members, where n 
is an integer greater than 1, at least two of said n 
members being mutually differentially driven. 

30 

20. A personal grooming device as claimed in claim 19, 
wherein said parallely movable members are bristle 
supports. 

21 . A personal grooming device as claimed in claim 1 9, 3$ 
wherein said parallely movable members support 
massage massaging balls. 

22. A personal grooming device as claimed in claim 19, 
wherein said parallely movable members are driven 40 
by a crankshaft attached to a motor driven shaft, via 
connecting rods pivotally connected between said 
crankshaft and said reciprocating members. 

23. A personal grooming device as claimed in claim 1 9, 45 
wherein said parallely movable members are recip- 
rocating members. 



60 



55 



9 



EP 0 744 139 A1 




Fig. 1 



10 



EP 0 744 139 A1 




11 



EP 0 744 139 A1 




12 



EP 0744 139 A1 




EP 0 744 139 A1 




14 



EP 0 744 139 A1 




3D 
Co 



15 



EP 0744 139 A1 




16 



EP 0 744 139 A1 




17 



EP 0 744 139 A1 




18 



EP 0744 139 A1 



«\2 





EP 0 744 139 A1 




EP 0 744 139 A1 




/ 



21 



EP 0 744 139 A1 




22 



EP 0744 139 A1 




23 



EP 0 744 139 A1 




EP 0744 139 A1 




25 



EP 0 744 139 A1 




26 



EP 0 744 139 A1 




27 



EP 0744 139 A1 




28 



EP 0 744 139 A1 




29 



EP 0 744 139 A1 




30 



EP 0 744 139 A1 




31 



■ r 

EP0744139A1 




32 



EP 0 744 139 A1 




33 



EP 0 744 139 A1 




34 



EP 0 744 139 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Nnrnber 

EP 96 30 3731 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of 



of relevant passages 



Relevant 



CLASSIFICATION OF THE 
APPLICATION (Int-CU) 



X 
X 
X 



US-A-2 267 916 (HERSHEY) 

* page 1, left-hand column, line 47 - page 
2, left-hand column, line 59; figures * 

FR-A-1 104 839 (PR0C0M) 

* the whole document * 

FR-A-781 179 (RIEDL) 

* claim; figures * 

DE-C-318 309 (LUX) 

* the whole document * 



US-A-2 552 023 (ANDRESEN) 

* column 2, line 13 - column 4, line 64; 
figures * 

CH-A-566 130 (HOFER) 

* claims; figures * 

CH-A-571 856 (SPORRI) 

* claims; figures * 

US-A-4 158 246 (MEADOWS ET AL.) 

* claim 1 * 

US-A-5 054 149 (SI-HOE ET AL.) 

* abstract; figures * 

DE-A-39 29 164 (MASCHINENFABRIK GUSTAV 
EINRICH) 

* claims; figures * 



The present search report has beta iham up for m0 < 



19,20,23 

19,20,23 
1-3,17 



1-4,10 
5,11-13, 
17,18 

5,17 



11 

12,13 
18 



A46B13/02 
A61C17/26 
A61H15/00 
A47J43/08 



6-8, 
14-16 



1,9 



TECHNICAL FIELDS 
SEARCHED (btLCLa) 



A46B 
A61C 
A61H 
A47J 



Flaa •( ion* 

THE HAGUE 



10 September 1996 



Ernst, R 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if takes alone 

Y : pvtkalariy rdcvut if combined with another 

document of the sane category 
A : technological background 
On 
P:t 



T : theory or principle underlying 
E : earlier patent focameot, but p 



after the filing date 
D : document dted id the application 
L : document dted for other reasons 



pebtisbed on, or 



Ik : member of the same patent family, 



35 



l 



tHSSPAGEBLAS"'^) 



